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AERONAUTIC  SYMBOLS 
1.  FUNDAMENTAL  AND  DEBITED  UNITS 


Abbrevia¬ 

tion 


motor - - 

second - 

weight  of  1  kilogram 


y.njlial) 

Unit 

Abbrevia¬ 

tion 

foot  (or  mile) _ 

second  (or  hour) - 

weight  of  1  pound . 

ft.  (or  mi.) 
seo.  (or  hr.) 
lb. 

horsepower . — - 

miles  per  hour _ 

feet  per  second _ 

hp. 

m.p.o. 

f.pj. 

2.  GENERAL  SYMBOLS 


Weight=mg  i», 

Standard  acceleration  of  gravity=9. 80665  p, 


m/s*  or  32.1740  ft./sec.1  Standard  dei 

..  15°  C.  and 

*1M8“  g  Specific  weig 

Moment  of  inertia = mi1.  (Indicate  axis  of  0.07651  lb., 
radius  of  gyration  k  by  proper  subscript.) 

Coefficient  of  viscosity 

S.  AERODYNAMIC  SYMBOLS 


Kinematic  viscosity 
Density  (mass  per  unit  volume) 

i  i  • .  #*  i _  •_  a  «  Aim 


Standard  density  of  dry  air,  0.12497  kg-nrW  at 
15°  C.  and  760  mm;  or  0.002378  lb.-ft.*4  sec.* 
Specific  weight  of  “standard”  air,  1.2255  kg/m*  or 
0.07651  lb./cu.  ft, 


Area 

Area  of  wing 


Gap 

8pan 

Chord 

Aspect  ratio 

True  air  speed 

Dynamic  preesure^pV1 

lift,  absolute  coefficient 
Drag,  absolute  coefficient  <7©=^ 

Profile  drag,  absolute  coefficient  Coo*”^ 
Induced  drag,  absolute  coefficient  (7i>,=“g 
Parasite  drag,  absolute  coefficient 
Cross-wind  force,  absolute  coefficient  Cc=^ 
Resultant  force 


Angle  of  setting  of  wings  (relative  to  thrust 
line) 

Angle  of  stabilizer  setting  (relative  to  thrust 
line) 

Resultant  moment 
Resultant  angular  velocity 


Reynoldfr-Number,  where  l  is  a  linear  dimension 
(e.g..  for  a  model  airfoil  3  in.  chord,  100 
m.p.n.  normal  pressure  at  15°  C.,  the  cor¬ 
responding  number  is  234,000;  or  for  a  model 
of  10  cm  chord,  40  m.p.s.,  the  corresponding 
number  is  274,000) 

Center-of-preesure  coefficient  (ratio  of  distance 
of  c.p.  from  leading  edge  to  chord  length) 
Angle  of  attack 
Angle  of  downwash 
Angle  of  attack,  infinite  aspect  ratio 
Angle  of  attack,  induced 
Angle  of  attack,  absolute  (measured  from  zero- 
lift  position) 

Flight-path  angle 
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PRELIMINARY  WIND-TUNNEL  INVESTIGATION  OF  AN  N.  A.  C.  A.  23012  AIRFOIL  WITH 
VARIOUS  ARRANGEMENTS  OF  VENETIAN -BLIND  FLAPS 

By  Carl  .1.  Wknzinoer  and  Thomas  A.  Harris 


SUMMARY 

An  investigation  has  been  made  in  the  N.  A.  C.  A.  7-  by 
10-joot  wind  tunnel  oj  a  large-chord  N.  A.  C.  A.  23012 
airjoil  with  several  arrangements  oj  venetia n-blind  flaps  to 
determine  the  aerodynamic  section  characteristics  as  aj- 
fected  by  the  over-all  Jlap  chord,  the  chords  oj  the  slats 
used  tojorm  the  jlap.  the  slat  spacing,  the  number  oj  slats, 
and  the  position  oj  the  jlap  with  respect  to  the  wing. 
Complete  section  data  are  given  in  the  form  oj  graphs  for 
all  the  combinations  tested. 

The  optimum  arrangement  oj  the  venetia  n-blind  jlap 
was  a  combination  in  which  the  jlap  was  located  near  the 
wing  trailing  edge.  These  arrangements  oj  the  Venetian- 
blind  jlap  were  superior  to  any  jlaps  previously  tested  jor 
producing  lift  and  giving  low  drag  coejficients  at  high  lift 
coefficients.  The  unity  with  this  flap,  hovever,  had  very 
large  pitching-moment  coefficients.  IMten  operated  as 
split  jlaps,  the  veneiian-blind  flaps  were  injerior  to  the 
simple  split  flap  in  producing  lift. 

INTRODUCTION 

The  National  Advisory  Committee  for  Aeronautics  is 
undertaking  an  extensive  investigation  of  various  wing- 
flap  combinations  to  furnish  information  applicable  to 
the  design  of  high-lift  devices  for  improving  safety  in 
flight.  One  of  the  most  promising  arrangements  devel¬ 
oped  to  date  in  this  research  is  reported  in  reference  1 . 
The  arrangement  is  a  slotted  flap  capable  of  giving  higli 
maximum  lift  coefficients,  low  drag  coefficients  at  mod¬ 
erate  and  high  lift  coefficients,  and  high  drag  coeffi¬ 
cients  at  high  lift  coefficients.  This  combination  was 
still  further  improved  by  the  addition  of  an  auxiliary 
slotted  flap,  the  investigation  of  which  is  reported  in 
reference  2.  The  results  of  these  tests  indicated  that 
still  further  improvement  might  be  obtained  by  the  use 
of  a  multiply  slotted  flap.  Special  types  of  multiply 
slotted  flap — for  example,  the  venctian-blind  flap — have 
been  suggested  by  E.  F.  Zap  and  also  in  reference  3. 

The  present  report  gives  the  results  of  an  investiga¬ 
tion  of  an  airfoil  with  several  arrangements  of  venctian- 
blind  flaps.  The  spacing,  the  chord,  the  position,  and 
the  number  of  the  slats  composing  the  venetian-blim! 
flap  were  considered.  Some  data  for  simple  split  flaps 


are  also  included  for  comparison  with  the  data  for 
venetian-blind  flaps. 

MODELS 

PLAIN  AIRFOIL 

The  basic  wing,  or  plain  airfoil,  used  in  these  tests  was 
built  to  the  N.  A.  C.  A.  23012  profile  and  hud  u  chord  of 
3  feet  and  a  span  of  7  feet;  it  was  previously  used  for  the 
slotted-flap  investigation  of  reference  1.  New  trailing- 
edge  pieces  were  made  for  the  model  with  necessary  cut¬ 
outs  for  the  new  flaps. 

VENETIAN-BLIND  FLAPS 

The  venctian-blind  flaps  were  made  of  small  slats 
arranged  to  pivot  on  arms  that  were,  in  turn;  pivoted  to 
the  wing.  The  deflection  of  the  complete  system  of 
flaps  is  referred  to  ns  h,c.  The  deflection  of  the  indi¬ 
vidual  3lats  on  the  nrms  is  designated  6/.  When  the 
individual  slats  arc  deflected  differentially  with  respect 
to  each  other,  the  subscript  carried  by  if  refers  to  the 
number  of  the  slat  on  the  supporting  arm  starting  from 
the  one  nearest  the  axis  of  the  arm.  The  various 
arrangements  of  venetian-blind  flaps  are  shown  in  fig¬ 
ures  1  to  4  with  the  flap  both  retracted  and  in  the 
optimum  deflected  position  as  determined  from  the 
tests. 

«  ... - -  r  -  .’c  - - 


Fi'il'HK  1  SiMiuii  of  V  A.  t\  A  airfoil  with  u  vunptiun-hhiiii  Mii|i  hint 

nt  0.5V-  ten  U.OIc  shits. 


il 


The  arrangement  of  the  10-slat  venetian-blind  (hip  is 
shown  in  figure  1.  Each  of  the  slats  had  a  chord  4  per¬ 
cent  of  the  basic  wing  chord;  the  sum  of  the  chords  of 
the  slats  was  therefore  40  percent,  of  the  wing  chord. 
Each  slut  was  of  solid  brass  with  a  round  nose  and  a 


1 


2 
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sharp  trailing  edge,  as  shown  in  the  detail  of  figure  1 ,  and 
was  made  to  pivot  on  the  supporting  arm  about  the 
midchord  point  of  its  lower  surface.  The  supporting 
arms  were,  in  turn,  pivoted  5  percent  of  the  wing  chord 
ahead  of  the  first  slat  to  provide  a  slot  between  the  slats 
and  the  wing  when  the  complete  system  was  deflected. 

Several  arrangements  of  a  vcnetian-blind  flap  with  an 
over-all  chord  40  percent  of  the  wing  chord  are  shown  in 
figure  2.  In  all  arrangements,  the  flap  was  composed  of 
slats  with  chords  10  percent  of  the  wing  chord.  These 
slats  wore  built  of  wood  to  the  Clark  Y  profile.  They 
were  pivoted  on  the  supporting  arms  about  the  quarter- 
chord  point  of  their  lower  surface.  The  arrangements 
of  the  five,  the  four,  and  the  three  slats  shown  in  figure  2 
were  made  to  determine  the  optimum  spacing  of  the 
slats.  The  filler  blocks  shown  on  the  arrangement  with 
three  alats  retracted  were  removed  for  tests  with  the 
flap  deflected. 

In  order  to  determine  the  effect  of  over-all  chord  of 
the  venetian-blind  flap,  the  models  were  tested  with 
flap  chords  40,  30,  and  20  percent  of  the  wing  chord,  as 
shown  in  figure  3.  The  same  Clark  Y  slats  were  used 
for  this  model  ns  are  shown  in  figure  2.  As  may  he 
seen  from  figure  3,  the  40-percent-chord  flap  was  com¬ 
posed  of  four  slats,  the  30-percent-chord  flap  was  com¬ 
posed  of  throe  slats,  and  the  20-percent-cliord  flap  was 
composed  of  two  slats. 


fa)  Five  slats  si  wed  U.T.Vr. 

(I»)  Four  slats  spaced  I.Olkv. 

<r)  ThrerstotJ!  spam!  J.iSIky. 

Fjc.vhk  2  — Sections  of  X.  A  C.  A.  23012  nirfoil  with  several  arrangements  of  vene- 
tmn-hiind  fli»|»  hinged  at  different  0.5V;  O.ifir  slats. 


The  venetian-blind  flaps  shown  in  figure  4  are  the 
same  as  those  shown  in  figure  3  except  for  the  position 
of  the  arm  axis,  which  is  on  the  lower  surface  of  the  main 


(a)  The  O.iSt  location;  lour  »!tu. 

(hi  The  0.M  location;  three  alats. 

(c)  The  0.76  location,  two  siata. 

Fiovrk  .1  —Sections  of  N.  A.  C.  A.  23012  airfoil  with  aivera)  arrangements  of  vene-  ' 
tlan-bllnd  daps  hinted  at  dilterent  ails  locations;  O.lOr  slats. 

airfoil  one-half  of  1  percent  of  the  wing  chord  ahead  of  W 
the  trailing  edge  of  the  wing.  This  position  of  the  arm  ...  / 
axis  was  estimated,  from  results  of  previous  tests  of  fr  — y 
slotted  and  Fowler  flaps,  to  be  the  most  promising  axis 


(«)  Four  slots. 
(M  Three  .shits. 

(<•)  Two  sluts. 


Knit  RK  4  — Sections  of  X.  A.  C.  A.  23012  airfoil  with  several  urraneemonts  of  vene- 
imn-Mind  flaps  hinged  at  0  9W.V.  O.ldr  sluts. 
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locution  for  the  venotiun-bliiul  Hup.  This  arrangement 
provided  u  gup  of  about  1  percent  of  the  wing  chord 
between  the  first  slut  and  the  trailing  edge  of  the  wing 
when  the  arms  were  deflected  to  the  optimum  position. 

TESTS 

The  models  were  mounted  in  the  closed  test  section 
of  the  X.  A.  C.  A.  7-  by  10-foot  wind  tunnel  so  as  to 
spun  the  jet  completely  except  for  small  clearances  at 
eucli  end.  (See  references  1  and  4.)  The  main  airfoil 
was  rigidly  attached  to  the  balance  frame  by  torque 
tubes,  which  extended  through  the  upper  and  tho  lower 
boundaries  of  the  tunnel.  The  angle  of  attack  of  the 
model  was  set  from  outside  the  tunnel  by  rotating  the 
torque  tubes  with  a  calibrated  drive.  Approximately 
two-dimensional  flow  is  obtained  with  this  type  of 
installation  and  the  section  characteristics  of  the  model 
under  test  may  be  determined. 

A  dynamic  pressure  of  16.37  pounds  per  square  foot 
was  maintained  for  most  of  the  tests,  which  corresponds 
to  a  velocity  of  80  miles  per  hour  under  standard  atmos¬ 
pheric  conditions  and  to  an  average  test  Reynolds 
Number  of  about  2,190,000.  Because  of  tho  turbulence 
in  the  wind  tunnel,  the  effective  Reynolds  Number  R, 
was  approximately  3,500,000.  For  all  tests,  R,  is  based 
on  the  chord  of  the  airfoil  with  the  flap  retracted  and 
on  a  turbulence  factor  of  1.6  for  the  tunnel. 

Each  arrangement  of  the  venetian-blind  flaps  was 
tested  with  the  flap  fully  retracted  to  determine  the 
effect  of  the  breaks  in  the  lower  surface  of  the  airfoil 
on  the  drag.  Tare  tests  were  also  made  to  determine 
the  effect  of  the  supporting  arms. 

All  arrangements  of  venetian-blind  flaps  were  tested 
with  the  arms  deflected  30°,  60°,  and  90°.  For  each 
arm  deflection,  the  slats  were  deflected  various  amounts 
to  determine  the  optimum  arrangement  from  considera¬ 
tions  of  maximum  lift.  Taro  tests  were  made  to  deter¬ 
mine  the  effect  of  the  supporting  arms  when  deflected 
60°. 

An  angle-of-attack  range  from  —4°  to  the  angle  of 
attack  for  maximum  lift  was  covered  in  2°  increments 
for  each  test.  Lift,  drag,  and  pitching  moment  were 
measured  at  each  angle  of  attack. 

RESULTS  AND  DISCUSSION 

COBFFICI  ENTS 

All  test  results  are  given  in  standard  section  nondi- 
mensional  coefficient  form  corrected  as  explained  in 
reference  1. 

c(  section  lift  coefficient  (l/qc). 
c ^  section  profile-drag  coefficient  {<U/qc). 
c„(o  section  pitching-moment  coefficient  about  aero¬ 
dynamic  center  of  plain  wing  (m(a.  e.)Jqc2). 

where 

l  section  lift. 
do  section  profile  drag. 


»««■  c.)„  section  pitching  moment. 

</  dynamic  pressure  (’i  pP). 
c  chord  of  basic  airfoil  with  flap  fully  retracted, 
and  angle  of  attack  for  infinite  aspect  ratio. 

Sf  deflection  of  individual  slats. 

ir,  deflection  of  complete  system  of  flaps. 

PRECISION 

The  accuracy  of  the  various  measurements  in  the  tests 


is  believe) 

1  to  be  within  the 

following  limits: 

Oo  -- 

..  ..  ±0.1° 

. 

±0.0006 

*  fmtix  -  - 

.  ±0.03 

<da,Ci.ii,  -  - 

±0.002 

r.»0 

...  ±0.003 

K-  . 

±2° 

_  ±0.0003 

«/ .  . 

±0.5° 

Slat  position. 

_ ±0.0t)lr 

The  accuracy  of  tho  individual  slat  deflection  if  refers 
to  the  settings  of  the  slats  relative  to  each  other;  the 
accuracy  of  the  setting  to  the  reference  line  (the  lower 
surface  of  the  wing)  is  ±2°.  Likewise,  the  accuracy  of 
the  slat  position  is  the  spacing  on  the  supporting  arms. 

The  data  have  been  corrected  for  the  error  due  to 
support  interference  as  determined  from  special  tests 
with  dummy  supports  in  place. 

PLAIN  AIRFOIL 

The  aerodynamic  section  characteristics  of  the  plain 
N.  A.  C.  A.  23012  airfoil  as  determined  in  the  two- 
dimcnsional-flow  installation  are  given  in  figure  5. 
These  data  were  taken  from  reference  1  and  require  no 
further  discussion  here. 


Fiuurl  5.-* Aerodynamic  section  characteristics  of  Nf.  A.  C.  A.  23012  plain  airfoil. 
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VENETIAN. BLIND  CLAP 

Effect  on  *\i„  of  retracted  flaps. — Tlie  increments  of 
profiles  I  rag  coefficient  caused  by  the  breaks  in  the  wing 
lower  surface  with  the  various  arrangements  of  venetinn- 
blind  flaps  retracted  are  shown  in  figure  ti.  The  drag 


FUiVRK  ti.— Effect  of  retracted  Venetian-blind  flap*  on  profile  drag  of  airfoil. 


increments  were  obtained  by  taking  the  difference  be¬ 
tween  faired  drag  curves  of  the  respective  combinations 
(after  deduction  of  the  drug  duo  to  the  slat-supporting 
arms)  and  the  plain  wing.  The  drag  increments  are 
therefore  only  the  increases  due  to  breaks  in  the  wing 
surface. 

The  flaps  composed  of  two  and  three  slats  hinged, 
respectively,  at  0.75c  and  0.65c  showed  practically  no 
effect  on  the  increment  of  profile-drag  coefficient  for  lift 
coefficients  less  than  0.3  within  the  experimental  accu¬ 
racy  of  the  tests.  The  increments  of  profile-drag  co¬ 
efficient  reached  about  0.(01  for  these  combinations, 
however,  at  a  lift  coefficient  of  1.0. 

The  flaps  composed  of  three  ami  four  slats  hinged  at 
0.55c  gave  an  increment  of  profile-drag  coefficient  of 
uliout  0.0008  at  a  lift  coefficient  of  0.2,  which  increased 
to  about  0.0014  at  lift  coefficients  greater  than  0.7. 

The  flap  composed  of  10  slats  hinged  at  0.55c  gave 
an  approximately  constant  increment  of  profile-drag 
coefficient  of  about  0.0014.  If  sufficient  care  is  used 
in  tho  design  and  the  construction  of  the  slats  and  the 
supports,  uouo  of  these  arrangements  should  be  in¬ 
ferior  to  tho  arrangement  with  two  slats  hinged  at  the 
0.75c  location. 

Tho  arrangement  with  five  slats  hinged  at  the  0.55c 
axis  gave  increments  of  profile-drag  coefficient  of  from 
0.003  to  0.004,  which  are  prohibitive.  This  arrange¬ 
ment  (fig.  2  (a))  appears  to  be  aerodynamically  inferior 
when  retracted. 

Effect  on  Cim„  of  deflecting  flaps. — In  order  to 
determine  the  optimum  arrangement  of  venetian-blind 
flaps  from  considerations  of  maximum  lift  coefficient, 
the  various  arrangements  have  been  compared  in 


figure  7  on  the  basis  of  the  increase  of  section  maximum 
lift  coefficient  Aclmat  due  to  deflecting  the  flap.  This 
is  the  difference  between  the  maximum  lift 
coefficients  of  the  wing  with  the  flap  deflected  and  the 
j  the  flap  neutral,  both  at  the  same  air  speed. 

The  effect  on  of  varying  the  spacing  and  the 

size  of  the  slats  composing  the  venetian-blind  Hap  is 
shown  in  figure  7  (a).  The  It)-,  the  5-,  and  the  4-slat 
flap  arrangements  all  give  about  the  same  AC|„„  at  a 
given  unit  setting.  The  optimum  setting  in  nil  cases 
was  with  the  slat-supporting  arms  down  60°  and  with 
tho  slats  deflected  so  that  the  flaps  were  similar  to  a 
0.45c  split  flap  with  a  gap.  The  flap  arrangement  with 
the  three  slats  was  inferior  to  the  other  arrangements 
ns  a  lift-incrcasing  device.  It  nppeared.  therefore, 
that  the  optimum  spacing  of  the  slats  (distance  between 
slat  hinge  axes)  was  a  spacing  of  one  slat-chord  length 
and  that  there  was  no  advantage  of  using  a  large  num¬ 
ber  of  small-chord  slats  instead  of  a  few  slats  of  large 
chord. 

The  effect  on  Aclv>ax  of  varying  the  over-all  chord  of 
the  venetian-blind  flap  by  varying  the  number  of  slats 
is  shown  in  ligure  7  (b).  The  arrangements  with  three 
and  four  slats  were  slightly  superior  to  the  arrangement 
with  two  slats.  None  showed  any  improvement,  how¬ 
ever,  over  a  simple  split  flap  of  corresponding  over-all 
chord  length,  as  shown  by  some  curves  for  the  simple 
split  flaps,  which  are  plotted  for  comparison.  (See  also 
reference  5.) 

When  tho  two-,  the  three-,  or  tho  four-slat  flap  \ 
arrangements  were  moved  to  the  trailing  edge  of  the 
wing  and  deflected  (similar  to  a  Fowler  flap),  the  Aclmat 
was  greatly  increased  (fig.  7(c)).  The  optimum  set¬ 
tings  for  each  of  the  combinations  were  obtained  with 
the  00°  deflection  of  the  supporting  arms.  In  order 
still  further  to  improve  these  arrangements,  differential 
slat  settings  were  tried  with  the  combinations  deflected 
(10°.  In  all  cases,  the  effect  was  to  incrcaso  Acta„  (fig. 
S);  tho  best  arrangement  was  the  one  with  four  slats, 
which  gave  a  Acimai  of  2.1.  In  order  to  show  the  effect 
of  over-all  flap  chord  on  Ar(mai)  the  optimum  AcimaI  for 
each  of  tho  three  arrangements  is  plotted  against  flap 
chord  in  figure  9  along  with  the  results  of  the  tests  of  a 
Fowler  wing  from  reference  1 .  When  based  on  the  area 
of  the  wing  with  flap  retracted,  the  A c,maj  increased 
nearly  linearly  with  flap  chord  over  the  complete  range 
tested.  When  based  on  the  sum  of  the  areas  of  the  wing 
and  the  flap,  the  Ac inaz  will  be  little  increased  by  using 
chord  lengths  of  the  venetian-blind  flaps  greater  than 
0.30c.  The  loading  per  unit  area  was  about  the  same 
for  the  thrde-  or  the  four-slat  venetian-blind  flap  as  for 
the  corresponding  split  flaps.  (See  figs.  7  and  9.)  The 
venetian-blind  flap  was  snBSPQt  Fowler  flap 

(references  1  and  6)  of  the  same  over-all  chord.  It  is 
probable  that  better  arrangements  of  the  venetian- 
blind  flaps  can  bo  obtained  by  a  better  location  of 
successive  slats. 
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Aerodynamic  characteristics  of  arrangements  hinged 
at  0.55c. — The  complete  aerodynamic  section  charac¬ 
teristics  of  the  various  arrangements  of  venetian-blind 
Haps  hinged  at  0.55c  arc  given  in  figures  10  to  13.  Each 
of  these  figures  is  divided  into  three  parts,  the  character¬ 
istics  for  one  arm  setting  being  given  in  each  part.  The 
characteristics  of  the  arrangements  with  10,  5,  and  4 


Figure  6.— Variation  of  increment  of  maximum  lift  coefficient  with  chord  of 
venetian-blind  flap;  0.10c  slats  at  0.695c  axis. 


slats  (figs.  10  to  12)  are  all  about  the  same.  The  most 
striking  thing  about  these  results  was  the  large  decrease 
in  profile-drag  coefficient  with  lift  coefficient  for  the 
large  flap  deflections.  The  arrangement  with  three 
slats  (fig.  13)  was  inferior  to  the  others  from  considera¬ 
tions  of  high  lift.  A  slat  sparing  of  one  ehord  length 
therefore  appears  to  be  most  desirable  because  it  is 
ienst  complicated  and  closer  spacing  is  not  beneficiul. 
There  being  practically  no  choice  aerodynamieally 
between  the  10-  and  the  4-slat  Haps,  the  4-slat  flap  is 
somewhat  superior  because  it  is  simpler  structurally. 

Aerodynamic  characteristics  of  combinations  at  dif¬ 
ferent  axis  locations. — The  aerodynamic  section  char¬ 
acteristics  for  the  three-  and  the  two-slat  flaps  hinged, 
respectively,  at  0.65c  and  0.75c  are  given  in  figures  14 
and  15.  The  characteristics  of  the  two-,  the  thfee-, 
and  the  four-slat  flaps  are  directly  comparable,  respec¬ 
tively,  with  the  0.20c„,  the  0.30c»,  and  the  OAOr* 
split  flaps  of  reference  5.  The  drag  was  higher  for  all 
deflections  for  the  venetian-blind  flap  than  for  the 
simple  split  flap.  The  pitching-moment  coefficients 
were  about  tlie  same  ns  for  the  split  flap  of  the  same 
chord.  The  venetian-blind  (laps  hinged  as  simple  split 
flaps  were  therefore  inferior  to  the  simple  split  flap 
except  for  very  high  drags.  The  four-  and  the  three- 
slat  flaps  (figs.  12  and  14)  gave  both  higher  drags  and 
larger  pitching-moment  coefficients  than  the  two-slat 
flap  (fig.  15). 

Aerodynamic  characteristics  of  combinations  hinged 
at  0.996c  axis. — The  complete  aerodynamic  section 
characteristics  for  the  fdui--,  the  threes,  and  the  two- 
alat  flaps  arc  given,  respectively,  in  figures  16  to  18. 
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Fioutt  II.— Aerodynamic  section  characteristics  of  N.  A.  C.  A.  21012  airfoil  with  •  Venetian -blind  flap  hinged  at  0.66c  exit;  Or#  O.IOr  slats. 


Fioo*i  I*.— Atrodmamlc  faction  charactartltlca  of  N.  A.  O.  A.  Wll  airfoil  with  *  TaoaUan-bllnd  flap  binged  at  O.Uc  ails;  four  0. life  flats. 
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Figure  13.— Aerodnuunlo  Section  characteristics  of  N.  A.C.  A.  230)2  airfoU  with  a  Venetian -blind  flap  binged  at  O.ttc  axis;  three  0.10c  stats. 


Section  lift  coefficient,  c, 

w  *>.-»*•  (b)  ii.-ar. 

Fracit  M  —  Aerodynamic  wet  ion  cfcancteriitica  of  N.  A.  C.  A.  2Mi  I  airfoil  with  •  veneUan-blInd  (bp  hinged  at  0  »it  aib;  three  0.10c  slats. 


FJCuas  15.— Aero<Jyn  »;nic  section  characteristic!  ol  N.  A.  C.  A.  23012  eirfoil  with  i  Venetian-blind  Oep  hinged  at  0.7V  axis;  t«o  0.10k  slats 


Figure  16.— Aerodynamic  section  characteristics  of  N.  A.  C.  A.  23012  akfoil  with  a  veiiclian-blind  flap  hinged  *t  O.W5c  Mis;  four  0.10c  slats. 


Fini'it  17.— Aerodynamic  seel  loo  characterislka  of  N.  A.  C.  A.  29011  airfoil  with  a  Venetian-blind  flap  hinged  al  O.WV  ails:  three  O.IQt  sluts. 


Flout*  18.— Aerodynamic  section  characteristic)  ol  N.  A.  C.  A.  SOU  airfoil  with  a  venetlan-bUnd  Bap  hinted  at  O.WSc  a«U;  two  O.KA  slats. 
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These  arrangements  were  the  only  ones  that  showed 
any  particular  promise  from  a  consideration  of  high 
maximum  lift.  The  effects  on  profile-drag  coefficient 
at  various  lift  coefficients  are  listed  for  these  arrange¬ 
ments  in  the  following  table. 

COMPARISON  OF  VENETIAN-BLIND  FLAPS  LOCATED 
AT  0.995c 


lf  (Ue*) 

* 

<*• 

of  slats 

Cl—  l.  5 

Ci  -  2.0 

Ci -2.3 

Ci-3.0 

4 

30 

0.020 

0.038 

0.058 

< 

00 

.027 

.032 

.049 

6.  082 

4 

90 

.03* 

.002 

.  \m 

.  240 

3 

30 

.020 

,037 

.050 

3 

00 

.026 

.030 

.055 

.  100 

3 

90 

.030 

.050 

.080 

.290 

2 

30 

.027 

.039 

.000 

2 

00 

.020 

.038 

.003 

2 

90 

.032 

.052 

.005 

O.2007e»  Fowler  flap 
(reference  1) . 

.027 

.040 

.062 

0.2566c  slotted  flop  1 

: 

(reference  1) . .  .026 

.042  j 

.075  . j 

_.  i 

The  results  from  reference  1  for  the  Fowler  flap  and 
the  best  slotted  flap  are  included  in  the  table  for  com¬ 
parison. 

At  a  lift  coefficient  of  1.5  for  the  optimum  settings, 
all  arrangements  of  venetian-blind  flaps  gave  results 
equal  to  or  better  than  the  best  slotted  flap  or  the  Fowler 
flap  of  reference  1 .  With  the  supporting  a  rms  deflected 
80°,  all  three  arrangements  of  venetian-blind  flaps  were 
of  about  equal  merit. 

At  a  lift  coefficient  of  2.0,  the  venetian-blind  flap  with 
two  slats  had  profile-drag  coefficients  about  10  percent 
less  than  those  of  the  best  slotted  flap  of  reference  1. 
The  three-  and  the  four-slat  flap  arrangements  were  pro¬ 
gressively  bettor  than  the  two-slat  arrangement.  The 
venetian-blind  flap  with  four  slats  had  profile-drag  co¬ 
efficients  25  percent  less  than  that  of  the  best  slotted 
flap  of  reference  1.  All  the  venetian-blind  flap  arrange¬ 
ments  with  the  best  settings  were  superior  to  tho  Fowler 
flap  at  a  lift  coefficient  of  2.0.  All  tiie  arrangements 
give  the  lowest  drag  with  the  supporting  arms  deflected 
60°  at  this  lift  coefficient. 

At  a  lift  coefficient  of  2.5,  the  venetian-blind  flaps  had 
lower  drag  coefficients  than  the  best  slotted  flap  of  ref¬ 
erence  1.  The  profile-drag  coefficient  was  from  16  per¬ 
cent  less  for  the  two-slat  arrangement  to  35  percent  loss 
for  tho  four-slat  arrangement  than  that  for  tho  best 
slotted  flap  of  reference  1.  Tho  two-slat  arrangement 
in  its  best  setting,  however,  was  slightly  inferior  to  tho 
Fowler  flop  of  reference  1.  The  optimum  supporting- 
arm  deflection  was  60°  for  this  lift  coefficient  also. 

At  a  lift  coefficient  of  3.0,  the  four-slat  arrangement 
had  a  profile-drag  coefficient  only  10  percent  higher  than 
that  of  the  best  slotted  flap  at  a  lift  coefficient  of  2.5. 

With  the  optimum  differential  setting  of  the  slate 
(figs.  16  to  18),  the  variation  of  angle  of  attack  with  lift 
was  approximately  linear.  This  result  was  not  true  for 


the  optimum  uniform  setting  of  the  sluts.  Apparently, 
the  flow  over  the  slats  is  controlled  much  better  with 
the  differential  angle  settings  of  the  sluts.  It  is  probable 
t hat  better  differential  arrangements  mav  be  obtained 
by  a  different  spacing  of  the  individual  slats. 

Tho  pitching-moment  coefficients  of  these  arrange¬ 
ments  (figs.  10  to  18)  were  about  the  same  as  for  Fowler 
Haps  of  the  same  over-all  chord  (references  1  and  0). 
The  pitching-moment  coefficients  were  very  large,  reach¬ 
ing  a  value  of  about  1.0  for  the  arrangement  with  four 
slats. 

CONCLUDING  REMARKS 

The  results  of  these  tests  indicated  that  the  venetian- 
blind  flap,  when  operated  near  tho  wing  trailing  edge, 
was  superior  to  any  previous  flap  tested  as  a  lift- 
increasing  device  and  was  also  superior  on  the  basis 
of  low  drag  coefficients  at  high  lift  coefficients.  The 
wing  with  this  flap,  however,  had  very  large  pitching- 
moment  coefficients  The  venetian-blind  flaps,  when 
operated  as  split  flaps,  produced  less  lift  than  simple 
split  flaps  of  the  same  over-all  chord. 

The  tests  also  indicated  that  the  best  spacing  of  the 
slate  in  tho  venetian-blind  flap  was  one  slat-chord 
length  and  that  there  was  no  advantage  in  using  10 
small  slats  in  preference  to  4  large  slats  in  a  flap  of  a 
given  over-all  chord  length.  Additional  tests  are  de¬ 
sirable  of  tho  30-  and  the  40-pcrcent  chord  venetian- 
blind  flaps  operated  near  the  wing  trailing  edge  and 
using  different  numbers  of  slats  and  data  of  different 
airfoil  sections.  In  these  tests,  particular  attention 
should  bo  devoted  to  the  differential  angle  settings  of 
the  slate  and  to  the  slat  spacing. 

Langley  Memorial  Aeronautical  Laboratory, 
National  Advisory  Committee  for  Aeronautics. 
Langley  Field,  Va.,  January  10, 1039. 
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Poattirs  directions  of  uea  and  angles  (foresee  and  momenta)  are  shown  by  arrows 


Absolute  coefficient*  of  moment  Angle  of  set  of  control  surface  (relative  to  neutral 

n  L  n  M  -  N  position),  S.  (Indicate  surface  by  proper  subscript.) 

V%~yUS  r  ■  ■  ■ 

(rolling)  (pitching)  (yawing)  ' 


4.  PROPELLER  SYMBOLS 


D, 

Diameter 

D 

V, 

Geometric  pitch 

VlD, 

Pitch  ratio 

c. 

V ', 

Inflow  velocity 

v„ 

Slipstream  velocity 

n, 

T, 

r 

Thrust,  absolute  coefficient 

n, 

*, 

Q, 

Torque,  absolute  coefficient 

Power,  absolute  coefficient  CP 

Speed-power  coefficient = 
Efficiency 

Revolutions  per  second,  r.p.s. 
Effective  helix  angle = 


P 


5.  NUMERICAL  RELATIONS 


1  hp. =70.04  kg-m/s=550  ft-lb./sec. 
1  metric  horsepowers  1.0132  bp. 

1  m.p.h.  *0.4470  m.p.a. 

1  m.p.s.= 2.2360  m.p.h. 


1  lb. =0.4636  kg. 

1  kg=2.2046  lb. 

1  mi=l, 600.35  m=5, 280  ft. 
1  m=3.2808  ft. 


